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One of the characteristic differences between heliotron 
Itorsatron and quasi-axisymmetric configurations concerns 
the bootstrap current property. Although the bootstrap 
current is not essentially required for confining helical 
plasmas, it is important because it certainly affects not only 
MHD equilibrium and stability but also transport through the 
change of the rotational transform(lI2n). In this review, we 
report neoclassical bootstrap current property and its effect 
on 1I21r and magnetic well depth for CHS and CHS-qa. 
Figure 1 shows profiles of magnetic geometric factor 
Gbs[1] , which is a key factor to determine the direction and 
magnitude of neoclassical bootstrap current, for CHS and 
CHS-qa. Figure 1, i.e., the neoclassical theory implies ; 1) 
the magnitude of bootstrap current in CHS-qa is larger than 
that in CHS and the current flows in the co-direction., 2) the 
direction of bootstrap current depends on collisionality and 
magnetic axis position Rax in CHS, whereas it does not in 
CHS-qa because of tokamak like quasi-axisymmetry. 
Profiles of lI21r.Jlnd magnetic well depth resulting from 
finite f3 effects are shown in Figure 2. The plasma 
parameters used here are ; TiO)=O.4 keY, TlO)=O.3 keY and 
niO)=nlO)=1.0xI02o m-3 for high ne case, TlO)=2 keY, 
TlO)=1.5 keY and niO)=nlO)=2.0xl019 m-3 for low ne case, 
and B t = 1 T. In the inwardly shifted configuration of CHS 
(Rax=0.921 m), there is rio magnetic well region in the 
vacuum condition. As seen in Fig. 2a, the finite f3 effect 
results in forming and expanding magnetic well region for 
Rax=0.921 m. In the outwardly shifted configuration of 
CHS (Rax=0.995 m), the counter-flowing bootstrap current, 
which is due to existence of bumpy (Bo]) and sideband 
components of helical ripple (BJJ ), produces further deep 
magnetic well through the enhanced Shafranov shift 
compared with that in a currentless finite f3 equilibrium. In 
CHS-qa, the magnetic well (5% at the edge) is realized in 
the vacuum condition and is enhanced to more than 10% 
when averaged f3 reaches 1.2%. Concerning this review 
content, the detailed description is available in Ref. 2. A 
profile of 1I21r_ is largely affected due to finite f3 effects and 
is sensitive to the pressure profile [3]. Next, neoclassical 
transport and energetic ion transport in the finite f3 
equilibrium of CHS-qa will be studied 
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Figure 1. Profiles of magnetic geometric factors Gbs for 
vacuum magnetic field of CHS and CHS-qa. a) banana 
regime, b) plateau regime. 
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Figure 2. Profiles of rotational transform and magnetic 
well in the vacuum and finite f3 equilibria with and without 
self-consistent bootstrap current. a)CHS(Rax=0.921m), 
b)CHS(Rax=0.995m), c)CHS-qa(1.5m). The volume 
averaged f3 value is 1.2 %. 
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